DNA structural perturbation induced by the CPI-derived DNA interstrand cross-linker: molecular mechanisms for the sequence specific recognition.
The highly potent cytotoxic DNA-DNA cross-linker consists of two cyclopropa[c]pyrrolo[3, 4-3]indol-4(5H)-ones indoles [(+)-CPI-I] joined by a bisamido pyrrole (abbreviated to "Pyrrole"). The Pyrrole is a synthetic analog of Bizelesin, which is currently in phase II clinical trials due to its excellent in vivo antitumor activity. The Pyrrole has 10 times more potent cytotoxicity than Bizelesin and mostly form DNA-DNA interstrand cross-links through the N3 of adenines spaced 7 bp apart. The Pyrrole requires a centrally positioned GC base pair for high cross-linking reactivity (i.e., 5'-T(A/T)2G(A/T)2A*-3'), while Bizelesin prefers purely AT-rich sequences (e.g., 5'-T(A/T)4 or 5A*-3', where T represents the cross-strand adenine alkylation and A* represents an adenine alkylation) (Park et al., 1996). In this study, the high-field 1H-NMR and rMD studies are conducted on the 11-mer DNA duplex adduct of the Pyrrole where the 5'-TTAGTTA*-3' sequence is cross-linked by the drug. A severe structural perturbation is observed in the intervening sequences of cross-linking site, while a normal B-DNA structure is maintained in the region next to the drug-modified adenines. Based upon these observations, we propose that the interplay between the bisamido pyrrole unit of the drug and central G/C base pair (hydrogen-bonding interactions) is involved in the process of cross-linking reaction, and sequence specificity is the outcome of those interactions. This study suggests a mechanism for the sequence specific cross-linking reaction of the Pyrrole, and provides a further insight to develop new DNA sequence selective and distortive cross-linking agents.